Abstract
INTRODUCTION
The capacity of some photosynthetic microorganisms to accumulate lipids inside the cell is one important topic in the last four decades attention aiming at the use of photosynthetic microorganisms as sources of lipids for biodiesel production (Sheehan et al., 1998 , Chisti, 2007 Li et al., 2008; Liang et al., 2009; Demirbas, 2010; Huang, 2010; Mata et al., 2010; Amaro et al., 2011; Markou et al.,2011; Schuhmann et al., 2012; Bruno et al.,2012; Benemann, 2013; Borowitzka, 2013; Rawat et al., 2013; Pires et al.,2013; Velea et al., 2014; Mooij et al., 2015; Ardelean and Manea, 2016 , Ardelean et al., 2017 , Velea et al., 2017 Vuppaladadiyam et al., 2018) . There are some advantages as well as some drawbacks of photosynthetic micro-organisms as sources of lipids (for more details see Demirbas, 2010; Amaro et al.,; Adarme-Vega et al., 2012; Rawat et al., 2013; Acien et al., 2013; Ardelean and Manea, 2016; Velea et al., 2017; Vuppaladadiyam et al., 2018) .
However, up to our best knowledge, so far there is no economically viable technology for the production of biodiesel from photosynthetic micro-organisms. There are many strategies to achieve the goal one being the increased interest in understanding the competition between starch and lipids for intermediary metabolites, including the selection of clones with a low starch content as clones with potential for increased lipid content (Libessart et al., 1995; Ball, 1998; Hu et al, 2008; Blaby, 2013; Davey et al, 2014; Tamayo-Ordóñezet al., 2017; Dourou et al., 2018) . Indeed, there are reports arguing that the clones with low starch content have a higher lipid content (Ramazanov and Ramazanov, 2006; Wang et al., 2009; Li et al 2010 a si b; Siaut et al., 2011; Work et al, 2010 and de Jaeger et al., 2014; Sirikhachornkitet al., 2016) . There is one report showing that strains with low starch content have the same lipid content as the wild type cells (Vonlanthen et al., 2015) . In the framework of induction and selection of clones/ mutants with increased lipid content (Ramazanov and Ramazanov, 2006; Wang et al., 2009; Li et al 2010 a si b; Siaut et al., 2011; Work et al, 2010 and de Jaeger et al., 2014; Sirikhachornkit et al., 2016) ,the aim of this paper is to present original results concerning the use of random mutagenesis, induced by UV radiations as well as with N-methyl-N'-nitro-N-nitrosoguanidine (NTG), to obtain clones with increased lipid content.
MATERIALS AND METHODS
Populations of photosynthetic micro-organisms relatively rich in lipids previously selected (Ardelean, 2015; Ardelean and Manea, 2016, Ardelean et al., 2017) were used as biological material for random mutagenesis in these experiments. They were maintained on solidified BG 11 medium and cultivated in liquid BG 11 for 5 days before evaluation their properties. UV induced random mutagenesis was done following Anthony et al., (2014) slightly modified , 1mL of pure (but not axenic) culture of microalgae being exposed a germicidal UV lamp (254 nm, 15 W,VilberLourmat, France)for 30, 60 and 90 s ,120s and 180s at a distance of 5 cm. The intensity of UV irradiation was stably maintained throughout the experiment by providing constant power supply, uniform distance and wavelength at each exposure. In order to prevent lightinduced DNArepair the UV-irradiated plates were kept in dark for 24 h (Anthony et al., 2014) . For each exposure time, and control, serial dillutions were performed up to 10 -6 and colony formimg units were determined by micro drop method, 10 µL of cell suspension being inoculated in triplicate on solidified BG11. The colonies were counted using a stereomicroscope, after 8-12 days of growth under continuous illumination. Based on a survival rate of 10-20% in the following experiments the exposure time of 30s was used. Chemically induced mutagenesis with Nmethyl-N'-nitro-N-nitrosoguanidine (NTG) was performed according to Cordero et al., (2011) .Isolation and purification of clones of photosynthetic microorganisms was done by iodine vapour method, as previously shown (Work et al., 2010 , Ardelean et al., 2017 . DNA isolation.The DNA isolation protocol was based on extraction protocols of Yuan et al. (2015) and Kim et al. (2012) with some modifications. For genomic DNA isolation 30 to 40mg of microalgae samples were used. The cell pellet was suspended in 1 mL DNA lysis buffer (10mM Tris, 100 mM EDTA, 1% w/v SDS, pH 8.0).The samples were incubated at 55°C for 3h and after centrifugation (13500×g at 4°C), 800 μL of the supernatant were used for further treatments. To the harvested pellets were added glass beads and the mixtures were disrupted in a homogeniser (BiospecBeadBeater), for 30 seconds, two times, with 1 min pause interval, when samples were placed on ice.Each disrupted sample was mixed with its corresponding 800 μL supernatant, removed earlier, and incubated at 55°C for 30 min. 165 μL of 5M NaCl solution and 165 μL of 10% w/v CTAB solution prepared in 0.7 M NaCl were added to samples and incubated at 55°C for 10 min. The proteins were precipitated with 665 μL chloroform. The aqueous phase obtained after centrifugation was carefully transferred into new tubes and mixed with an equal volume of cold isopropanol and 3 M sodium acetate (pH 8.0) 1/10 th volume. Genomic DNA was recovered after centrifugation at 10,000×g and air-dried for 15 minutes. Each pellet was suspended in 35µL of TE buffer (10mM Tris, 1mM EDTA, pH 8.0) and treated with 1.5 µL of RN-ase (10mg/ml) for 45 minutes. After incubation genomic DNA was precipitated again with an equal volume of cold isopropanol and 3 M sodium acetate (pH 8.0) 1/10 th volume. The pellet obtained by centrifugation was dissolved in 30µL of TE buffer and analysed by agarose gelelectrophoresis. DNA purity and yield was quantified at QuickDrop (Molecular devices). DNA analysis by PCR was performed with the primer ISSR-17898A, using Dream Taq Master mix (2x)(Thermo Scientific) and the following program: initial denaturation 94 o C -2 min, 38 cycles; -94 o C-30sec, 44 o C-45 sec, 72 o C 30 sec, final extension 10min at 72 o C. Estimation of lipid content was done both by microscopic method and by fluorescence quantification. The colonies of isolated and purified photosynthetic microorganisms were treated with Nile red (9-(Diethylamino)-5H benzo [∞] phenoxazin-5), one of the selective fluorescence markers for lipids (Greenspan et al., 1985) . The cells were incubated for 30 minutes in the presence of Nile red in order to allow as much as possible the penetration of cell wall and cell membrane; then, the microbiological samples were inspected using a fluorescence microscope, with respect to fluorescence signal in the red region as well as in the green region of the spectrum. As with the microscopic method, for fluorescence quantification, the cells suspensions (OD 730nm 1.0 units) were incubated with Nile red for 30 minutes and then washed with fresh BG 11 medium. The fluorescence emission of these cell suspensions was analyzed as in Anthony et al. 2014 and Ardelean et al., 2017 before Nile red addition (fluorescence emission of only photosynthetic pigments) and after Nile red addition (fluorescence emission of photosynthetic pigments and Nile red in the presence of cellular lipids). The fluorescence spectra were recorded with spectro-fluorimeter FP-8300, excitation at 530nm and emission at 580nm or recording the spectrum 550-650nm, PMT voltage 500 V, data interval 0.5nm and screen speed 100nm/min; the surface of the spectrum was calculated with appropriate software (Spectra analysis) associated to the instrument.
RESULTS AND DISCUTIONS
Strain selection. Three natural isolates of photosynthetic microorganisms, designated as 9.3.4 strain, R strain and 9.3.1 strain, were subjected to physical (UV radiation) and chemical (NTG) treatmentin order to increase the level of lipid accumulation. Differences of the cell viability after the treatment were observed among the microorganisms. The viable cells were grown on solid BG 11 (Ardelean et al., 2017) and the possible mutants were selected with respect to lower starch content by iodine vapour method (data not shown).Five colonies originated from the strain 9.3.4 (9.3.4 a -9.3.4.e), and three colonies (Ra, Rc and Rd) derived from strain R, obtained after UV radiation were selected and used in further experiments. When NTG was used a mutagenic agent the viability was very low and only a colony (9.3.1 NTG) originated from the strain 9.3.1 was selected for analysis.The selected colonies were grown in liquid BG 11 and examined both in fluorescence microscopy after Nile red addition for labelling the lipid droplets, respectively ( fig. 1) The results obtained with the selected colonies were similar to the previous observations (Ardelean et al., 2017) , indicating the intracellular accumulation of lipids.
Fluorometric estimation of lipid content
The lipid content of potential mutants was estimated by measuring the emission fluorescence emissionat 580nm (table 1). Population 9.3.4 was the basis to obtain afer physical mutagensesis and selection the clones 9.3.4 a, b, c and d, and population R was the basis to obtain after physical mutagenesis and selection the clones Ra, R c and Rd. The results related to the fluorescence emission at 580 nm after Nile red addition in the nine selected isolates (possible mutants) revealed that for the selected strains the fluorescence emision in the presence of Nile red was much higher than the autofluorescence, in the absence of Nile red. Clear differences were observed between the mutants derivated from the parental strain 9.3.4: the highest fluorescence emmission was detected in the strain designated as 9.3.4d. Similar aspects were observed among the mutants originated from R strain: the best results were detected in the isolate designated as Rc. These differences are, most probably, an expression of variation of lipid content in each strain, as well as the proportion between different types of lipids (Chisti, 2007; Anthony et al., 2014) .
The fluorescence emission of mutant algal cells was evaluated not only at a given wavelength (580nm) but also within the emission spectrum of Nile red (in the range of 550-650nm) in a lipophilic environment (table 2) . The results obtained shown a huge increase in the intensity of fluorescence emmision in the range of 550-650 nm, after the addition of Nile red.
The emission trend at 550-650nm was similar as in the first case (at 580nm), for the same strains, and could be related to the whole lipid contents of the cells. These data are in concordance with the results obtained by other scientists (Chen et al., 2009; de Jager et al., 2014) . The ratios between emission at 580 nm after and before Nile red additions as well as the ratios between emission at 580-650 nm, after and before Nile red additions for each microbial strain were also calculated (table 3) . The results obtained confirm that among the mutants originated from 9.3.4, the strain designated 9.3.4 d presented the highest increase in fluorescence after Nile red addition. One have to remember that nile red is a good label for rapid monitoring of the neutral lipid but microalgae produce both neutral and polar lipids. Mainly under unfavorable growth conditions, microalgae accumulate neutral lipids, composed primarily of triacylglycerol esters, whereas under balanced growth conditions microalgae produce primarily polar lipids (e.g. glycolipids and phospholipids). The differences thus obtained could have a possible explanation by changes in the ratio between polar lipids and neutral lipids in the selected strains.
The correlation coefficient between the two sets of data for the all nine strains obtained by random mutagenesis is 0.885 which, taking into account the expected diversity in lipid composition from one strain to another, is good enough for lipid estimation by one or the other type of fluorescence measurement. Preliminary studies were realised in order to evaluate de molecular differences (at DNA level) among the isolates. In this respect, a new efficient method for DNA isolation from algal cells was establised, the purity and the quantity of DNA being suitable for further analysis ( fig. 2) . The yield of DNA varied among samples from 12.4 to 38.1 µg/ml. The use of the primer ISSR-17898A allowed the detection of some differences at molecular level among the selected strains, mainly between natural isolates than between mutants ( fig. 3 ) Figure 3 . Electrophoretic pattern of amplicons obtained with ISSR-17898A primer. From left to right: DNA ladder of 50bp; 9.3.1; 9.3.4A; 9.3.4B; 9.3.4C; 9.3.4D; 9.3.4E; Ra; Rb; Rc.
CONCLUSION
1. The use of UV radiation to induce mutagenesis allows the selection of 8 isolates with decreased starch contentand increased lipid content. The lipid content estimated as the increase in fluorescence intensity at 580nm, ranges from 54 times (strain 9.3.4.a) to 106 times (strain Rc), whereas the increase according to the estimation from the emission 550-650nm ranges from 91 times (strain 9.3.4. a) to 179 times (strains Rc and 9.3.4.d).
2. The use of NTG mutagenesis allows so far the selection of one isolate with (apparent) decreased starch content and increased lipid content (Nile red fluorescence estimation). The lipid content estimated as the increase in fluorescence intensity at 580nm is by 96 times higher whereas the increase according to the estimation from the emission 550-650nm is by 150 times. 3. The DNA isolation technique used in experiments was efficient for all the microbial strains, the quality of DNA being suitable for RAPD analysis. 4. Differences at molecular level among the selected strains, mainly between natural isolates than between mutants, were detected with ISSR-17898A primer (used for the first time for photosynthetic micro-organisms genome analysis). An increased number of primers is necessary in order to evaluate the molecular diversity of microbial strains. 5. The results obtained proved that the random mutagenesis could remain an alternative to more sophisticated methods for microbial improvement. 
